Background: Obesity and associated cardiometabolic diseases are increasing in urban subSaharan Africa due to a complex epidemiological and nutritional transition. Related data on rural communities is scarce. Objectives: The study characterized the socio-demographic and behavioural factors influencing body mass index (BMI) among adults in rural Northern Ghana Methods: A population-based cross-sectional study involving adults aged 40-60 years residing in the Kassena-Nankana districts was undertaken. Demographic, socio-economic and behavioural data were collected along with measures of anthropometry. We determined factors associated with BMI among women and men. Results: A total of 2014 adults were studied. The median age was 51 (IQR 45-57) years and 54% were women. The prevalence of overweight/obesity was higher among women than men (18.4% vs. 7.2%; p < 0.001), whilst underweight was more prevalent in men (18.3% vs. 13.1%; p = 0.001). Participants with the highest level of education and a high household socio-economic status had higher BMIs than those in the lowest strata in both men (β = 0.074, p = 0.028 and β = 0.072, p < 0.001, respectively) and women (β = 0.174, p = 0.001 and β = 0.109, p < 0.001, respectively). Men (β = −0.050; p < 0.001) and women (β = −0.073; p < 0.001) of the Nankana ethnic group had a lower BMI than the Kassena ethnic group. Among men, alcohol consumption (β = −0.021; p = 0.001) and smoking (β = −0.216; p < 0.001) were associated with lower BMI. Smokeless tobacco was associated with lower BMI among women. Pesticide exposure was associated with higher BMI (β = 0.022; p = 0.022) among men. Conclusion: Age, sex, ethno-linguistic group and prevailing socio-demographic and behavioural factors within this rural community in Northern Ghana influence BMI. The observed positive association between pesticide use and BMI warrants further investigation.
Background
Cardiometabolic diseases have become a major global health concern and are specifically increasing in subSaharan Africa (SSA) [1, 2] . Countries in SSA are at different stages of the transition, with the majority moving from under-to over-nutrition [3] [4] [5] . This is largely due to the consumption of energy-rich foods and falling levels of energy expenditure [6] .
The net effect of these transitions is an increasing incidence of deaths due to cardiometabolic diseases in both rural and urban Ghana [4, 7] . The ensuing double burden of disease requires a deeper understanding of the prevailing factors in various communities that drive these emerging diseases.
The relative contribution of abnormal nutrition as an important risk factor for cardiometabolic disease-related morbidity and mortality is well characterized [8] . Whereas over-nutrition (manifested as overweight and obesity) is gaining much attention in the current complex epidemiological transition within most African countries, a substantial amount of under-nutrition (manifested as underweight) still persists in poorer communities across the continent [1] . Excess weight gain has been linked to type 2 diabetes, ischaemic heart disease, stroke, hypertensive heart disease, osteoarthritis, and cancers of the breast, colon, endometrium and kidney [9] . Evidence from verbal autopsy reports from the Navrongo Health and Demographic Surveillance System (NHDSS) point to the fact that cardiovascular and ischaemic heart diseases are among the top 10 causes of mortality in the KassenaNankana districts [10] . The overall contribution of malnutrition (both over-nutrition and under-nutrition) and other socio-demographic and lifestyle factors is therefore becoming more important in understanding the risk factors for the emerging threat of non-communicable diseases.
Body mass index (BMI), categorized as underweight (BMI < 18.5kg/m 2 ), normal weight (BMI 18.5 to 24.9 kg/m 2 ), overweight (BMI 25 to < 29.9 kg/m 2 ) and obesity (BMI ≥ 30kg/m 2 ) [2, 11] , remains an important proxy for assessing nutritional status in adults. It is a convenient measure of total body fat mass in resource constrained settings and has been demonstrated to correlate directly with co-morbidities and mortalities [6] .
The Ghana national Demographic and Health Surveys (GDHS) and other studies have shown that the prevalence of obesity and overweight among adult non-pregnant women increased 2.5-fold in 10 years from 10% in 1993 to 25 .3% in 2003 [12, 13] . Recent estimates from poor urban settings in Accra, Ghana reported a higher prevalence of obesity (30.4%) among females [14] . It is, however, not clear whether the rising prevalence of obesity is homogenously distributed across the rural-urban divide. Few studies have attempted to investigate the effect of under-nutrition on cardiometabolic disease risk. The Non-communicable Disease Risk Factor Collaboration gave a global estimate of the trends in underweight recently. This study observed that underweight was still high in West, East and Central Africa and was associated with a slow decline over the past decade [1] .
Major socio-demographic factors associated with adult nutritional status, measured using BMI as a proxy, include age, gender and socio-economic status [15] [16] [17] . Reported lifestyle factors include alcohol consumption, smoking [18, 19] and physical inactivity [20] . The role of genetic factors in determining BMI has also been extensively reported in the literature [21, 22] . Several cross-sectional and longitudinal studies in non-African countries have also observed a positive association between BMI and pesticide exposure [23] [24] [25] [26] [27] . However, this observation has not been previously reported in literature from SSA.
Only two previous studies have analysed the possible causes of obesity in a Ghanaian population. These investigations evaluated the effect of sociodemographic and behavioural factors on obesity and both were conducted in urban settings [14, 28] . In view of the established influence of BMI on cardiovascular diseases (CVDs), which are a major contributor to morbidity and mortality, it is important to determine the prevalence of BMI categories and characterize the socio-demographic, behavioural and biological factors influencing their levels in this rural Ghanaian population.
In this study, nested in the H3Africa (Human Heredity and Health in Africa) AWI-Gen (Africa Wits-INDEPTH [International Network for the Demographic Evaluation of Populations and Their Health] partnership for Genomic studies) project [29] , we report the prevalence of BMI categories ranging from underweight to obesity, and the influence of socio-demographic and behavioural factors on BMI among adults in the Kassena-Nankana districts in rural Northern Ghana. The age group selected for this study were 40-60 years old as the prevalence of obesity and associated cardiometabolic diseases rises during this period [15] [16] [17] . The current study will act as a baseline time point for a longitudinal analysis of such diseases in rural Ghana.
Methods

Study setting
The study was conducted in the two Kassena-Nankana districts of Northern Ghana. The districts border Burkina Faso in the northeast and have a total land area of 1675km 2 with a population density of 91.5 km 2 ( Figure 1 ) [30] . The districts form the coverage area of the Navrongo Health and Demographic Surveillance System (NHDSS) being carried out by the Navrongo Health Research Centre (NHRC), an INDEPTH Network pioneer member site. The NHDSS currently carries out surveillance on 165,000 individuals (52.3% females) in 32,000 households [31] . The study area is typical of many rural areas in sub-Saharan Africa where agriculture is predominantly the mainstay of the local economy with about 90% of the people being farmers [30] . The Tono irrigation dam (see Figure 1 ) located in the west zone of the district further serves as a good agricultural resource for dry season farming and a potential source of exposure of farmers to pesticides.
Study design
This was a population-based cross-sectional study that recruited both men and women aged 40-60 years who had been resident within the study area for at least 10 years. Recruitment took place between February and October 2015. The communities within the study area were randomly sampled and the participants randomly selected using the NHDSS existing sampling frame, aiming for a sex and ethnic balance. This study was nested within the AWI-Gen study, which is a large pan-African investigation that aims to assess the genetic, physiological and environmental factors that contribute to BMI, body fat distribution and cardiometabolic disease risk factors in older (40-60 years old) African subjects in both rural and urban environments [29] .
Data collection
Trained research assistants conducted all interviews using a pretested comprehensive AWI-Gen questionnaire and carried out all measurements in this study.
Interviews were conducted in English, Kassem and or Nankam languages based on the participants' fluency.
Socio-demographic variables collected included age, sex, highest level of education attained, employment status, crowding in the household and household socioeconomic status. Behavioural factors included smoking history, alcohol consumption, dietary history, physical activity and exposure to pesticides. The Global Physical Activity Questionnaire (GPAQ) [32] and the CAGE questionnaire [33] were incorporated into the main AWI-Gen questionnaire and used to assess physical activity and alcohol consumption respectively (see Supplementary material Table S3 ). Details of all data collection methods and measurements carried out in the study are described elsewhere [29] and are also presented as supplementary material (Table S3) .
Measurement of weight and height. The participants, in light clothes and without shoes and jewellery, were made to stand vertically on a digital weighing scale and their weight was measured to the nearest 0.1 kilograms (Kg) using a calibrated standardized (Seca GmbH & Co. KG, Hamburg, Germany) weighing scale and according to standard practice. Their standing height was recorded to the nearest 0.1 millimetres (mm) using a stadiometer (Holtain, Crymych, Wales). The BMI was calculated from weight and height using the formula BMI = weight in kg/(height in m 2 ) and subsequently categorized into underweight, normal weight, overweight and obesity according to World Health Organization (WHO) recommendations [2, 11] .
Conceptual framework
We sought to determine socio-demographic and behavioural factors that influence BMI among men and women. A hierarchical regression model was used to determine how each of these factors are independently associated with BMI and how they also interact with each other to influence BMI in both men and women. This method of data analysis is often used in studies where the determinants of disease are being sought, and where many possible risk factors are present and may influence the disease directly or via mediation of other factors [34] . This complex interaction of risk factors and their logical sequence in the models is normally depicted using a conceptual framework, as shown in Figure 2 .
Statistical analyses
All paper-based data were entered into a RedCap database [35, 36] . The data were anonymized and 10% of the entries were checked for consistency between the paper and the electronic captured form as part of the quality control processes Data in the RedCap data base were exported into Excel where further consistency checks and data cleaning were carried out. The final dataset was then exported into STATA version 13.1 MP (College Station, Texas 77845 USA) where all analyses were performed. All analyses were stratified by sex since there were significant sex differences for many parameters.
Basic descriptive statistics were presented as medians and interquartile range (IQR) for skewed continuous variables and frequencies and proportions for categorical variables. Mann-Whitney test (Rank sum test), a non-parametric test and Pearson's Chi-squared were used to examine differences in medians and proportions respectively between men and women. The BMI categories and selected cardiometabolic risk factors were reported in proportions and 95% confidence intervals with Pearson's Chi-squared test used to examine statistically significant differences in prevalence across selected groups. Body mass index was analysed as a categorical variable (underweight, normal weight, overweight and obese) and the prevalence of each of these categories across subgroups of cardiometabolic risk variables (i.e. age, alcohol consumption and pesticide use) was assessed.
Factors that influenced BMI in in both men and women were isolated using BMI as a continuous variable in hierarchical linear regression analysis. The outcome variable, BMI, was log-transformed to an approximate normal distribution. Model building followed a hierarchical conceptual framework ( Figure 2 ) to control for confounding factors. All variables significant at p < 0.2 in an initial bivariable regression analysis with logBMI were included in the hierarchical model.
In the hierarchical modelling, we examined the influence of socio-demographic factors on BMI in regression model 1. The influence of behavioural factors on logBMI was determined in model 2, with adjustment for all the socio-demographic factors from model 1. Model 3 examined the influence of menopause on logBMI among women, with the inclusion of the variables from model 2. Therefore, two models were built for men while three models were built for women.
In building the models we checked for multicollinearity between related variables using the variance inflation factor (VIF). Variables with a VIF > 10 were dropped from the model. Akaike's and Schwarz's Bayesian information criteria (AIC and BIC respectively) post-estimation test were used to compare the fitted models, and the Breusch-Pagan/Cook-Weisberg test for homogeneity of variance was used to ensure residuals were approximately homoscedastic (p > 0.05 are considered normally distributed). We determine the cumulative effect of the blocks of factors on BMI through the magnitude of change in the variance explained by the model (Adjusted R 2 ) in each stage of model building. The fitted models were also checked for model specifications (p > 0.05 are correctly specified) and omitted-variable bias using the Ramsey regression specification-error test (p > 0.05 have no omitted variable bias).
Within the hierarchical regression models for BMI, some variables were subdivided into three or more categories: i.e. ethnicity, partnership status, education status, household socio-economic status (SES), smoking history and alcohol consumption. For these variables, a post-estimation test was undertaken and a single p-value given to show the level of significance of the BMI trend across the categories. Table 1 presents the socio-demographic characteristics of the 2014 participants in this study. Men and women differed in terms of socio-economic characteristics as follows: women constituted 54.1% of the sample and their median age (52 years; IQR 47-56) was significantly higher than that of the men (50 years; IQR 46-55); (p < 0.001). The Kassena ethnic group (51%) constituted half of the study population followed by the Nankana ethnic group (44%) and 5% were other minority ethnic groupings.
Results
Summary statistics
A large proportion of the study participants were married (73.6%) and a majority had no formal education (70.4%) with men more likely to have formal education than women. The proportion of participants engaged in some form of employment (63%) was significantly greater than those who were unemployed (37%). Table 2 shows the behavioural and anthropometric characteristics of 2014 study participants. Behavioural factors, with the exception of dietary patterns, differed by gender. Males consumed more alcohol (p < 0.001) and smoked more tobacco (p < 0.001) than females. More than half of the study population was reportedly exposed to pesticides, and more men than women (p < 0.001) had been exposed. The population had a high physical activity level with men having higher levels of moderate-to-vigorous physical activity (MVPA) than women (p < 0.001). There was, however, no sex difference in fruit intake (p = 0.135), vegetable intake (p = 0.056) and intake of sugar-sweetened beverages (p = 0.514 Values presented as frequencies (n) and percentage (%) or median and interquartile range (IQR). Distribution of missing data as follows: partner status 1; highest level of education 7; employment status 6; *Fishers exact test used to examine sex differences since number of women who were never married was 5.
Prevalence of BMI categories by selected cardiometabolic risk factors
The prevalence of the various categories of BMI by sex is presented in Figure 3 and the prevalence by selected cardiovascular risk factors such as age, alcohol consumption and exposure to pesticides presented in Table 3 . These variables were chosen because of the known strong relationship of BMI with age and because alcohol consumption and pesticide use were very prevalent in this population. We observed that the prevalence of the various BMI categories differed by sex (p < 0.001), age (p < 0.001), alcohol consumption (p < 0.001) and exposure to pesticides (p < 0.001 Figure 3) . The older participants were more likely to be underweight while the younger age groups were more likely to be overweight and obese. Participants who had never consumed alcohol had the highest prevalence of overweight and obesity whilst underweight was highest among participants who were current non-problematic or current problematic alcohol consumers. Women and men who were exposed to pesticides had a higher prevalence of overweight (4.9% and 7.4% respectively) compared to those not exposed (3.4% and 4.1% respectively) and a similar trend was observed for obesity (see Table 3 ).
Factors associated with BMI
In the unadjusted bivariable analyses, higher age, tertiary education, higher socio-economic status (SES), use of sugar-sweetened beverages and exposure to pesticides were associated with higher BMI among both men and women. Men and women of the Nankana ethnic group and who were current problematic alcohol users were likely to have lower BMI. Former use of tobacco and longer sleep duration (see Supplementary material; Tables 1a & 1b) were likely to result in lower BMI in both genders. Socio-demographic, behavioural and biological factors that influence logBMI among men and women are presented in Table 4 . Models 1 and 2 are presented as supplementary material (Tables S2a, S2b, S3a and S3b). In model 1 we included only the socio-demographic variables. Age, ethnicity, educational status and household socio-economic status were all significantly associated with BMI. Thus, older participants had lower BMI among men and women. The Nankana ethnic group in both genders had lower BMI compared to Kassena while other ethnicities in the population had higher BMI. Higher level of education and higher household socio-economic status resulted in higher BMI among men and women respectively.
In model 2, we report varied associations between behavioural factors and BMI among men and women. In women (note that model 2 in Table S2a and the final  model 3, shown in Table 4 Table S2b  and Table 4 
Discussion
Sub-Saharan Africa is currently undergoing a complex epidemiological, demographic and nutritional transition that produces a huge double burden of diseases. Understanding factors that influence the BMI of adults as a measure of nutritional status is one key step in addressing the problem. To our knowledge no study has explored the contribution of socio-demographic and behavioural factors to BMI levels among adults in rural Northern Ghana. While obesity is on the increase due to changing dietary patterns and lifestyle, underweight, signifying under-nutrition, is still highly prevalent in rural communities. Our study reports various socio-demographic and behavioural factors that influence BMI in both women and men in a rural population in Northern Ghana.
We observed a high prevalence of various risk factors for cardiometabolic diseases in this population. Older participants and those who currently consume alcohol (both non-problematic and problematic drinking patterns) were likely to be underweight. This may reflect the micronutrient deficiencies that are associated with alcohol consumption [19] . Fat mass is known to decrease in much older subjects [37] and may contribute to the lower BMI associated with higher age observed in this study. The population consumed little fruit and vegetables per day but had a high consumption of sugar-sweetened beverages compared to international recommendations [37] . Even though overweight and obesity were relatively low in our population compared to other African countries further along the epidemiological transition, women were more likely to be overweight or obese. The sex-specific pattern of overweight and obesity reflects the general distribution reported across Africa [8, 38] and in previous reports from Ghana [6, 39, 40] . The roles of endogenous and exogenous steroid exposure and biological differences in body fat distribution have been used to explain gender differences in overweight and obesity [16] .
We observed that men and women who belong to the Nankana ethnic group were likely to have a lower BMI than the other ethno-linguistic groups. This was not due to differences in socio-demographic or behavioural variables as this relationship was maintained in the final hierarchical regression models. These results suggest that ethnic differences in BMI may be related to other unmeasured variables which may include genetic factors.
Men and women who had attained a higher education or had higher household income were likely to have a higher BMI. The latter observation mirrors reports from other low-and middle-income countries (LMIC) [6, 41, 42] but differs from many findings emanating from western countries which have often reported higher BMI among families with lower SES [43] . The data from LMICs may be due to a high purchasing power of those with higher SES who undergo a faster nutritional transition onto energydense foods. Such individuals are likely to also have the ability to afford automobiles and are more likely to be physically inactive. Recent studies among Ghanaians had also found a strong association between higher household income levels, higher educational status and type 2 diabetes (T2D) and obesity [44] . Possible reasons include the fact that higher education is associated with a higher likelihood of engaging in white-collar or more sedentary jobs [6] . The subsequent inactivity associated with these jobs will likely result in increased BMI. Some studies in Ghana have alluded to the fact that socioculturally, a large body size among females is perceived as a sign of affluence [27] , and women with higher education are likely to be affluent and have more exposure to energy-dense foods. The observed association of sedentary lifestyle with higher BMI among men and women is largely consistent with other studies both outside [1] and within Africa [39, 45] and Ghana [41, 42] .
Regarding smoking history, men who smoked previously or were currently smoking reported lower BMI compared to those who had no history of smoking. These findings are consistent with findings from previous studies [46, 47] . This negative association may be attributed to reduced caloric intake due to a central effect of smoking, impaired smell or taste, a change in food preference, or a direct metabolic effect on the absorption or storage of calories, or an increase in energy expenditure [48] . The association between smokeless tobacco use and increased risk of cardiometabolic-related morbidities and mortalities has been well characterized [49] [50] [51] . However, in our study, smokeless tobacco use was associated with a lower BMI in women. Similar findings have previously been reported among native Yup'ik Alaskan male and female adult population [52] , among Swiss men [53] and in African populations [54] .
We observed that longer sleep duration was associated with lower BMI in both men and women. This is consistent with similar studies which report that older participants with longer sleep duration were likely to have lower BMI [55] . Sedentary time, however, was associated with higher BMI among both men and women. This observation is also consistent with other studies [56] . Furthermore, increased physical activity has been extensively reported to result in reduction in BMI [57] [58] [59] . However, despite the fact that this ageing population was an active one, we observed no association of physical activity with BMI.
Our data also showed the significant contribution of alcohol to adult under-nutrition and underweight especially among the male population. The association between alcohol consumption and weight gain remains controversial. The energy derived from the high calorie content of alcohol suggests that excessive alcohol intake will lead to weight gain and a French study has reported this observation [60] . However, alcohol intake may not systematically increase BMI as this relationship is dependent on variations and patterns of alcohol intake, energy expenditure due to physical activity and general nutritional status. Similar to our findings, other studies have observed that moderate and hazardous alcohol intake is associated with lower BMI [61] . It has also been reported that chronic alcoholics have a lower fat mass than nonalcoholics [62] . The potential influence of alcohol abuse on cardiovascular-related morbidity and mortality remains to be elucidated in this population.
Pesticide exposure was higher among men in our study population and was found in regression analyses to be associated with higher BMI among men. Cross-sectional [24, 26, 27, 63] and longitudinal [23, 25] studies have reported similar findings. This observation in our population is of great concern and a potential driver for obesity in this population due to the high exposure to pesticides. Pesticides contain chemical compounds that are widely considered as obesogenic and endocrine disruptors. These compounds are reported to modulate lipid metabolism, hormone and neurotransmitter levels and adipogenesis and thus cause weight gain [23] [24] [25] [26] [27] 63] .
Limitations
The behavioural data was collected based on selfreported responses from the participants and these could not be independently verified and may lead to biased estimates of our observed associations. The cross-sectional nature of this study comes with inherent limitations as causality cannot be established.
Strengths
Very few studies in SSA have evaluated socio-demographic and behavioural factors associated with BMI in a large population of rural adults. Therefore, the results of this study provide important new information on the environmental factors influencing BMI in a large rural African population. The findings provide baseline information for a longitudinal cohort study on BMI in rural Northern Ghanaian adults who can easily be followed up using the NHDSS platform. The study also gives information on the prevalent risk factors that contribute to the observed rising mortalities due to cardiometabolic diseases reported from verbal autopsy data in the study area. It also generates further research questions into the potential effects of some of the observed risk factors on cardiovascular comorbidities.
Conclusion
The burden of risk factors for cardiometabolic diseases among adults in this rural population is high, especially among men. However, unlike other African populations further along the epidemiological transition, this ageing population from rural Ghana does not have a high prevalence of overweight and obesity. Interestingly, pesticide use in this predominantly farming community is high and correlates positively with obesity. Farmers may therefore benefit from an educational intervention based on the use of personal protective gear when working with pesticides.
the socio-demographic and behavioural factors influencing BMI among adults in rural Northern Ghana. The data suggests that improvements in socio-demographic status within this population may be accompanied by rising levels of obesity and will require developing appropriate monitoring and intervention programmes.
